A selective enrichment broth (SVV) was formulated to allow concurrent growth of Salmonella spp., V. parahaemolyticus, and V. cholerae. Potassium tellurite and sodium citrate were added as the inhibitors, while glucose, mannitol, anhydrous sodium sulfi te and sodium pyruvate were employed as the growth-promoters. When mixed in equal or varied proportions, the target pathogens in SVV had a great accumulation (10 5 10 8 CFU/ml) and effectively inhibited the growth of competitive microfl ora. In the artifi cially contaminated samples, a high recovery of these 3 target pathogens was obtained in SVV. Finally, Salmonella spp., V. parahaemolyticus, and V. cholerae were detected from 608 suspicious food samples by SVV with real-time PCR, and no false-positive or -negative results were reported. In summary, SVV has been shown to be a suitable broth for the simultaneous detection of the 3 pathogens by multipathogen detection on a single-assay platform.
Introduction
Salmonella spp., especially S. enterica serovar Enteritidis (S. Enteritidis) and S. enterica serovar Typhimurium (S. Typhimurium), V. parahaemolyticus, and V. cholerae are frequently reported as the causative agents in food poisoning and serious seafood-borne diseases (Jensen, 2006) . Therefore, it is of great significance to identify and detect these 3 pathogens rapidly and accurately, both for industry food quality and public health laboratories worldwide (Malorny et al., 2004) .Conventional detection methods for pathogen detection are labor intensive, time-consuming and difficult to operate (Eiler and Bertilsson, 2006) . The sensitivity and specificity of modern pathogen detection methods have been improved significantly in recent years (Kim and Bhunia, 2008) and multipathogen detection on a single assay platform simplifies the detection procedure greatly and has become a worldwide tendency (Omiccioli, 2009) . Thus, multiplex detection of Salmonella spp., V. parahaemolyticus, and V. cholerae is also an attractive subject to be investigated. However, the detection limit of many advanced detection methods lies in the range of 10 2 10 4 CFU/ml (Gunasekera et al., 2003; Tokarskyy and Marshall, 2008) . The low sensitivity means that an enrichment step is required before the bacteria can be detected by immunological and molecular biology techniques (Bhag-wat, 2003) . A two-step enrichment method including pre-enrichment with non-selective or little-selective broth and post-enrichment with selective broth is widely used. However, the two-step enrichment method is time-consuming and has no advantage over the single direct enrichment method (Blanco-Abad et al., 2009; Taylor and Silliker, 1961; Thomason and Dodd, 1976) .
Some progress has been made in the development of isolation media that can support the growth of a number of pathogenic species, such as the universal pre-enrichment broth (UPB) (Cox and Bailey, 1992) and nutrient broth. Since this medium is non-selective, the target microorganism may be overgrown by accompanying flora (Besse et al., 2005) . Recently, many researchers have attempted to develop multipathogen selective enrichment medium. Kim and Bhunia have successfully formulated a multipathogen selective enrichment broth for simultaneous growth of S. enterica, Escherichia coli O157:H7, and Listeria monocytogenes (Kim and Bhunia, 2008) . However, the enrichment broth for concurrent growth of Salmonella spp., V. parahaemolyticus, and V. cholerae remains unexplored.
In the present work, we aimed to formulate a single medium that would primarily support the concurrent growth of Salmonella spp., V. parahaemolyticus, and V. cholerae and to verify its performance by conventional methods and fluorescence quantitative (FQ)-PCR in artificially and naturally contaminated food samples.
Materials and Methods
Microorganism. S. Typhimurium ATCC 14028, S. Enteritidis CMCC(B) 47731, V. parahaemolyticus ATCC 33847, and V. cholerae O1 biotype El Tor Ogawa ATCC 51352 were used as target bacteria in this study, and other pathogens listed in Table 1 were selected because of their relevance to food-borne diseases.
Development of multipathogen selective enrichment broth, SVV. Selection of initial medium: BPW was selected as an initial medium for development of the SVV broth because the strongly buffered BPW is capable of preventing a decrease in the pH of the medium in order to protect the bacteria and support their recovery and growth.
Selection of possible inhibitors and growth-promoters. Inhibitors: Bile salts, sodium dodecyl sulfate, sodium citrate, potassium tellurite, polymyxin B and sodium chloride can inhibit competing flora but are in- gredients commonly found in the selective media of the target pathogens, so they were selected to operate single-factor experiments. Growth-promoters: Glucose, mannitol, anhydrous sodium sulfite and sodium pyruvate were selected as growth-promoters because they are also found in the commonly used selective media for isolating the pathogens.
Single factor experiments of the additives. A singlefactor experiment was used for assessing the effect of the potential inhibitors and growth-promoters by using BPW as the control medium. A total of approximately 10 3 CFU/ml of each of 3 target pathogens was inoculated into BPW with the additives in the required concentration (listed in Table 2 ). Optical density at 540 nm (OD 540 ) was measured using a spectrophotometer following 24 h of incubation at 37 C. This experiment was repeated 3 times.
Optimization of SVV broth by response surface methodology. According to the central composite design, a total of approximately 10 2 CFU/ml of each of 3 target pathogens was inoculated and incubated at 37 C for 24 h. The samples were enumerated at 4, 8, 12, 15, 18, 21, 24 h by plating on appropriate selective agar plates: bismuth sulfite agar (BS) for Salmonella spp., and Thiosulfate Citrate Bile Salts Sucrose Agar (TCBS) for V. parahaemolyticus and V. cholerae. Twenty experiments were required for this procedure, as shown in Table 3 . Differences among groups were compared by Design Expert statistics software using an ANOVA test. The optimized formulation of the SVV broth is shown in Table 4 .
Multiplex FQ-PCR. Three pairs of primers and 3 probes were designed to target the invA gene of Sal- Table 5 (Kim et al., 1999; Kurazono et al., 1995; Salehi et al., 2005) . The PCR mixture (25 µl) contained 2 µl of each pathogen DNA template, 1.5 µl MgCl 2 (3 mM), 1 µl of each primer (10 pmol), 0.5 µl of each probe (5 pmol), 0.25 µl PCR buffer (10 ) (MBI, Inc.), 1 µl dNTP (10 mM), 0.5 µl Taq polymerase (5 U/µl) (MBI, Inc.) and nuclease-free water. Thermal cycling conditions were as follows: 95 C for 4 min, followed by 40 cycles of 95 C for 10 s, and 60 C 45 s. The 3 types of reporter fluorescence data were respectively collected at 60 C and analyzed in the real-time mode according to the instrument manual.
Evaluation of multipathogen SVV. Individual growth of the target pathogens in SVV: Each bacterial solution (1 10 CFU/ml and 10 3 CFU/ml) was added, respectively, to 100 ml SVV broth and incubated at 37 C for 24 h in a shaking incubator. Samples were withdrawn at specified 4 h intervals. Meanwhile, the target pathogen growth was also determined in corresponding selective enrichment broths: Rappaport Vassiliadis broth (RV) for Salmonella spp., and Sodium Chloride Polyxin Broth (SPB) for V. parahaemolyticus and V. Kim and Bhunia (2008) . In experiment , an equal concentration of S. enterica, V. parahaemolyticus, and V. cholerae (ca. 3 10 2 CFU of each pathogen/ml) was inoculated into 100 ml of SVV and 100 ml of corresponding selective enrichment broths as a control: RV for Salmonella spp., and SPB for V. parahaemolyticus and V. cholerae. In experiment , the ratio of cultures was 1,000 100 10, 100 10 1,000 or 10 1,000 100, respectively.
Effect on competitive fl ora in SVV. Other pathogens (listed in Table 1 ) were tested as the competitive flora. Approximately 10 2 CFU/ml of each target pathogen and 10 3 CFU/ml non-target pathogens was added to 100 ml SVV, respectively, then incubated at 37 C for 24 h. Samples were withdrawn at specified 4 h intervals, and the OD 540 value was measured. SVV was then inoculated with appropriate dilutions of a mixture of 3 target pathogens (100 10 CFU/ml of each pathogen). The ratio of target pathogens/competitors was 1 10 and 1 100. The inoculated enrichment media were incubated for 24 h at 37 C, and then streaked onto appropriate selective agar plates. This experiment was repeated 3 times.
Evaluation of SVV with artifi cially inoculated samples. A mixed culture (1 ml) containing the 3 target pathogens was mixed into 25 g fish (purchased from a local supermarket and proven to have no target pathogens with GB/T 4789-2008 (GB is the National Standard of the People s Republic of China), and 225 ml of SVV was added to obtain a cell density of about 10 2 CFU/ml. The mixture was stomached for 2 min and then incubated at 37 C for 24 h. Uninoculated fish samples served as negative controls. After 4, 8, 12, 15, 18, 21 and 24 h of incubation, aliquots of 1 ml were collected for analysis by streaking on corresponding selective agars. The samples were also tested by FQ-PCR after 18 h incubation.
SVV applied in naturally contaminated samples. Sea fish, shrimps and bivalve mollusks were collected from June 2008 to March 2009 and kept at 20 C prior to use. Gut of sea fish, entire interior content of scampi and central portion including gills and gut of molluscs were used as samples in this study. Each 25 g sample was enriched with 225 ml of SVV for 18 h at 37 C. The presence of target pathogens was determined by multiplex FQ-PCR. The samples were also tested with conventional detection methods, according to GB/T 4789-2008.
Statistic analysis. To determine the exponential growth rate (EGR), generation time (GT), lag-phase duration (LPD), and maximum population density (MPD), the growth of each bacterium in SVV was modeled with the modified Gompertz equation by using SPSS software.
Results

Single factor experiments of additives
Inhibitors. As shown in Table 2 , V. parahaemolyticus and V. cholerae failed to grow in the presence of sodium dodecyl sulfate, and the growth of Salmonella spp. was completely inhibited by polymyxin B. The growth of the target pathogens, especially V. parahaemolyticus and V. cholerae, was strongly inhibited by bile salt no. 3 in a concentration-dependent manner. Sodium citrate exerted a slightly stimulating effect on the 3 target pathogens. The inhibitory effect on V. parahaemolyticus and V. cholerae was the strongest at a relatively low concentration of potassium tellurite. Sodium chloride showed strong inhibition against the pathogens at a relatively high concentration. The appropriate concentrations of the inhibitors were selected to allow the consistent growth of the target pathogens but significant inhibition of non-target pathogens. Table 2 , glucose had good improvement for the growth of V. parahaemolyticus and V. cholerae. Mannitol and sodium pyruvate were beneficial to the growth of the 3 target pathogens. In particular, anhydrous sodium sulfite showed limited impact upon promotion of growth of V. cholerae, though it inhibited the growth of Salmonella spp. and V. parahaemolyticus at a high concentration, so it may be beneficial to the consistent growth of the pathogens. Therefore, anhydrous sodium sulfite was also used in the SVV broth.
Growth-promoters. As shown in
Optimization of SVV broth by response surface methodology and statistical analysis
The results of the response surface methodology experiments for studying the effects of 3 independent variables are shown in Table 3 . The optimized concentrations of NaCl, potassium tellurite and bile salt no. 3 were 20 g/L, 1.05 mg/L and 2.5 g/L (1.0 mg/L potassium tellurite was used for convenience). The growth kinetics values Exponential Growth Rate (EGR), Generation Time (GT), Lag-Phase Duration (LPD), and Maximum Population Density (MPD) for the 3 pathogens in SVV were extrapolated using tangent method and are shown in Table 6 . Individual growth of target pathogen in SVV Salmonella spp. The LPDs of Salmonella spp. in SVV were longer than that in RV broth 2 h longer at the 10 CFU/ml inoculation level and 1 h at the 10 3 CFU/ml inoculation level. The EGR was higher and the GT was shorter, especially at the 10 CFU/ml inoculation level. No significant difference in the MPDs was observed between the two broths (Table 6) .
V. parahaemolyticus and V. cholerae. The LPDs and MPDs of V. parahaemolyticus and V. cholerae for the two broths at the 2 inoculation levels were comparable and the two broths had similar GT and EGR at the 10 3 CFU/ml inoculation level. But the EGR was higher and the GT was shorter compared to that in SPB broth at the 10 CFU/ml inoculation level ( Table 6 ), suggesting that the performance of SVV was better than that of SPB broth.
Simultaneous growth of target pathogens in SVV
As shown in Table 6 and data extrapolated from the fitted modified Gompertz curves, the target pathogens grew well in mixtures of various proportions in SVV. The data indicate that SVV is capable of supporting the concurrent growth of the 3 target pathogens when the pathogens are innoculated at equal or unequal concentration in SVV.
Individual growth of competing fl ora in SVV
As shown in Table 1 , the 3 target pathogens showed good growth in both SVV and BPW. Though the LPs were longer in SVV, the EGRs and MPDs were comparable to or better than that of BPW. Four non-target microorganisms, namely Escherichia coli O157:H7, Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus cereus, did not show any growth in SVV and four pathogens, namely Yersinia pestis, Proteus vulgaris, V. vulnifi cus and V. alginolyticus, showed limited growth in SVV. Among the non-target bacteria, only Shigella dysenteriae grew well in both SVV and BPW, but the LP was longer and the MPD was lower than that of BPW.
Infl uence of competing fl ora on simultaneous growth of target pathogens in SVV
As shown in Table 6 , no significant difference in EGR, GT and LP amang the 3 pathogens in SVV with competing flora and the negative control was observed, whereas the MPDs for the 3 target pathogens in SVV with competing flora were much lower than that in the negative control (about 1 log 10 CFU/ml lower for Salmonella spp. and V. parahaemolyticus, 2 log 10 CFU/ml lower for V. cholerae ).
Evaluation of SVV with artifi cially inoculated samples
As shown in Fig 1, Fig 2 and Table 6 , Salmonella spp. (0.83 log 10 CFU/ml/h) and V. parahaemolyticus (0.81 log 10 CFU/ml/h) had a comparable EGR, which was much higher than that of V. cholerae (0.73 log 10 CFU/ml/h). V. parahaemolyticus exhibited the shortest LP (4.84 h), much shorter than that of Salmonella spp. (8.23 h) and V. cholerae (7.98 h). Salmonella spp. had the highest MPD (9.81 log 10 CFU/ml), followed by V. parahaemolyticus (9.29 log 10 CFU/ml) and V. cholerae (8.43 log 10 CFU/ml). Furthermore, after 18 h incubation, target pathogens in the presence of fish all can be detected by multiplex FQ-PCR.
Evaluation of SVV with naturally contaminated samples
According to the results (shown in Table 7) , 20 samples tested Salmonella spp. positive by both methods. Nine samples were V. parahaemolyticus positive and only 8 were positive by culture method. Nine samples were V. cholerae positive and only 6 were positive by culture method. These four PCR positive but culture negative strains were further analyzed by cloning the amplification fragments into pUC-19 T plasmid, and Minced meat samples were inoculated with the 3 target pathogen cell solutions in an equal ratio (ca. 10 2 CFU/ml). The samples were stomached for 2 min and incubated at 37 C for 24 h. Uninoculated meat samples served as negative controls. the sequencing results confirmed the accuracy of the multiplex FQ-PCR assay.
Discussion
The combined use of inhibitors including bile salt no. 3, potassium tellurite, sodium citrate and sodium chloride endowed the SVV broth with selectivity for the target pathogens. The target pathogens were previously demonstrated to exhibit natural resistance to the inhibitors used in the study (Pumbwea et al., 2007; Rojas and Vásquez, 2005) , which does not coincide with the current study. The present work showed that a high concentration of bile salt, potassium tellurite or sodium chloride was unfavorable for the pathogens growth. The reason may be that the stock cultures were used directly in the study and the chill-stressed strains frequently become much more sensitive to chemicals (Taormina et al., 1998) . Bile salt was able to inhibit gram positive bacteria and mould (Jin et al., 2001) , and sodium citrate exhibited an inhibitory effect on a common meat spoilage organism (Blaszyk and Holley, 1998) . Tellurite had a toxic effect on most microorganisms (Rojas and Vásquez, 2005) , and most pathogens were sensitive to a high concentration of sodium chloride. So most of the competitive flora may be inhibited by the above-mentioned chemicals, including Vibrio species V. alginolyticus and V. vulnifi cu. Minced meat samples were inoculated with the 3 target pathogen cell solutions in an equal ratio (ca. 10 2 CFU/ml). The samples were stomached for 2 min and incubated at 37 C for 24 h with shaking. After 18 h incubation, culctures were detected by PCR assay using species-specific primer sets: invA for S. Enteritidis primers, toxR for V. parahaemolyticus, hlyA for V. cholerae. Only Shigella dysenteriae grew well, due to its tellurite tolerance and the relief of the inhibitory effect of bile salt provided by the high nutrient components and growth-promoters in SVV (Song and Hu, 2006) . The MPDs of the pathogens were much lower in the presence of non-target pathogens than the negative control without non-target pathogens. But the lowest MPD among the pathogens reached 5.06 log 10 CFU/ml, which is much higher than the PCR detection limit. The inhibitors exhibited a significant inhibitory effect on the growth of target pathogens, so glucose, mannitol, anhydrous sodium sulfite and sodium pyruvate were added for recovery and growth of the target pathogens. As expected, the growth-promoters exerted different acceleratory effects on the pathogens growth. It was also found that the addition of anhydrous sodium sulfite hampered the growth of Salmonella spp. and V. parahaemolyticus. That may be because sodium sulfite serves as an antimicrobial and/or antioxidant so as to inhibit the bacterial growth.
The ability of SVV to enrich individual target pathogens was satisfactory and SVV was able to support the growth of the 3 target pathogens at both 10 CFU/ml and 1,000 CFU/ml inoculation levels. Its performance as a selective enrichment broth was slightly inferior to that of RV for Salmonella spp. The LP of Salmonella spp. was much longer than that in RV, but the EGR was higher and after 24 h incubation the MPD in SVV was comparable to that of RV. Six-hour LP of Salmonella spp. growth in RV was observed, which is longer than that reported in a previous study (Kim and Bhunia, 2008) . The reason may be that the chill-stressed bacteria need much time to recover. V. parahaemolyticus and V. cholera grew equally well in SVV and SPB. The target pathogens also grew well in mixtures of various proportions. In particular, V. cholera exhibited the lowest MPD as 5.48 log 10 CFU/ml, which is much higher than the PCR detection limit, after 24 h incubation when inoculated at a log 10 CFU/ml level. It is essential that methods for detection of pathogens in foods have the ability to detect low levels of pathogens that are healthy, as well as those that are stressed or injured due to conditions in the food and/or during food processing (Fratamico, 2003) . SVV is able to support the concurrent growth of the chill-stressed target pathogens even when the inoculation level is as low as log 10 CFU/ml in the presence of other competitive flora and can be successfully applied in artificially inoculated and naturally contaminated samples.
In conclusion, SVV is an effective multipathogen selective enrichment broth for concurrent growth of Salmonella spp., V. parahaemolyticus, and V. cholerae at various proportions. SVV was able to inhibit most of the background microorganisms and can be applied in artificially inoculated and naturally contaminated samples followed by FQ-PCR detection. Furthermore, multiplex FQ-PCR detection with SVV enrichment can effectively avoid false negatives caused by the VBNC state, which make it an effective method to detect the 3 target pathogens on a single assay platform.
